INTRODUCTION
The presence of free nerve endings has been confirmed in the sensory innervation of the human temporomandibular joint disk. Nonetheless, there is no detailed information about the presence of sensory nerve endings stained with silver and examined using transmission electron microscope. We therefore examined the nerve endings of the adult human temporomandibular joint disk, paying particular attention to the presence and configuration of the sensory nerve end organs.
MATERIALS AND METHODS
We studied 22 temporomandibular joints (16 male and 6 female) of 11 fresh cadavers aged 25 to 79 years (mean, 56.9 years). No abnormality and systemic diseases were found in the specimens. Each temporomandibular joint was obtained in a segment including the temporomandibular joint disks and mandibulae. The segments were fixed in 20% neutralised formalin and the disks extracted from the joints, with the osseous parts removed. Silver impregnation according to Suzuki 1 was performed on 20 joints (10 cadavers) to make serial frozen sections of 30 µm thickness in the horizontal and sagittal sections: frozen sections were incubated for 60 minutes in BUF solution (sodium hydrogen carbonate 35 ml, hexamethylenetetramine 6.5 g, and neutral formalin 15 ml). Frozen sections were placed in freshly prepared ammonia silver, blotted and placed in potassium sodium (Rochelle salt), followed by silvering in 17% silver nitrate. Frozen sections were then impregnated with gold chloride for counter stain. These sections were studied using an optical microscope. The remaining 2 joints (one cadaver) were studied using a transmission electron microscope.
Anatomy of the temporomandibular joint and disk
The temporomandibular joint is a condylar joint between the head of the coronoid process of the mandible and the mandibular fossa of the temporal bone ( Fig. 1a and 1b) . The temporomandibular joint disk is an oval, firm, fibrous plate that lies between the head of the mandibule, mandibular fossa, and articular tubercle. The disk divides the joint space into the superior and inferior compartments. It is at its thinnest in the middle of the fossa and gradually thickens to the circumference. The posterior margin of the disk is thick in an anteroposterior direction, while the lateral margin is thick in right and left directions. The anterior portion of the disk, which is slightly thick, is called the anterior band. The middle thin portion and the posterior portion of the disk are respectively known as the intermediate zone and the posterior band (Fig. 1c) . The disk consists of dense collagen fibres. The fibre density is highest in the intermediate zone in which thick collagen fibres are 
RESULTS
Using an optical microscope, silver impregnation revealed free nerve endings in the disk parenchyma of all 20 joints. The nerve endings in the disk parenchyma were observed in the anterior and posterior bands of the disk and around the synovial transitional region of the posterior capsule. GolgiMazzoni corpuscles were identified in 7 joints, Ruffini corpuscles in 4, and articular corpuscles in 3 as sensory nerve end organs (Table 1 ). In the 2 joints examined with a transmission electron microscope, myelinated and nonmyelinated nerve fibres were found in the 
Free nerve endings
With silver impregnation, the free nerve endings lost their myelin sheaths and divided axons with partial swelling (Fig. 2 ). These were found in the medial anterior band in the horizontal section. With the transmission electron microscope, the transverse image of the myelinated nerve fibres was observed and the axons were found surrounded by myelin sheaths (Fig. 3a) . Nonmyelinated nerve fibres that comprised Schwann cell cytoplasm were identified in the transverse image (Fig. 3b) .
Sensory nerve end organs

Articular corpuscles
Articular corpuscles, similar to genital corpuscles, were observed. The axon was divided into many branches to form reticulated ramifications, without outer bulbs (Fig. 4 ). These were found in the posterior band in the sagittal section. 
Golgi-Mazzoni corpuscles
The axons penetrated into the corpuscles and branched to form reticulated ramifications that ended in nodular hyperplasia. The outer bulb had a few connective tissue cells with indistinct lamellae (Fig. 5 ). These were found in the anterior band in the sagittal section.
Ruffini corpuscles
They are prolonged corpuscles without outer bulbs (Fig. 6 ). These were found in the centre of the middle anterior band in the horizontal section.
DISCUSSION
Several animal and human studies have described innervation of the temporomandibular joint following gold impregnation and examination under light microscopy. [2] [3] [4] [5] There have been no reports describing innervation of the temporomandibular articular disk confirmed with silver impregnation and examined with transmission electron microscopy.
Free nerve endings may be sensitive to temperature change, pain, and touch. Sensory nerve end organs are called tactile bulbs, as they have bulging portions in nerve endings and various configurations. Freeman and Wake 6 described 4 types of free nerve endings-type 1: a spherical-or oval-shaped corpuscle surrounded by one or 2 layers of capsules with ramified endings, the Ruffini corpuscle is classified as type 1; type 2: a cylindrical-or conicalshaped corpuscle surrounded by over 10 layers of capsules, for example the Vater-Pacini; type 3: a spindle-shaped corpuscle with complicated ramified endings and one to 3 thin-layered capsules such as Golgi-Mazzoni corpuscle; type 4a is an unmyelinated nerve plexus and free nerve endings and is a pain receptor, while type 4b is unmyelinated nerve endings and serves as a vasomotor receptor. Type 1 to 3 nerve endings are mechanoreceptors (Table 2 ).
Ishibashi 7 reported that nerve endings in the temporomandibular joint capsule included VaterPacini corpuscles, Golgi-Mazzoni corpuscles, Ruffini corpuscles, noncapsular complex endings, and free nerve endings. Their presence was concentrated mostly in the anterolateral and posterior capsule. Nonetheless, nerve endings were not confirmed in the disk parenchyma. Kitamura 8 reported that nerve fibres were found from the margin of the disk to an area close to the centre of the disk in foetuses and newborns, but not adults. Dixon 9 and Thilander 10 described free nerve endings in the disk margin in adult humans. The The present findings confirm the presence of free nerve endings and sensory nerve end organs in the circumference of the disk parenchyma that act as a receptor for proprioceptive sensation. They are associated with the joint pain in temporomandibular arthrosis and disk disorder. Using a transmission electron microscope, we also identified myelinated and nonmyelined nerve fibres in this parenchyma. C o m p a r a b l e w i t h o u r s t u d i e s o f t h e t e mporomandibular joint disk, some authors have reported free nerve endings and sensory nerve end organs in intra-articular soft tissues such as human acetabular labrum, 11 glenoid labrum, 12 triangular fibrocartilage complex, 13 and meniscus. 14, 15 These tissues are believed to contribute equally to sensation and proprioceptive sensation in joints.
CONCLUSION
Using an optical microscope and silver impregnation, Golgi-Mazzoni corpuscles, Ruffini corpuscles, and articular corpuscles were identified as sensory nerve end organs in the disk parenchyma. With a transmission electron microscope, myelinated and nonmyelinated nerve fibres were confirmed in the disk parenchyma. Associated with sensation and proprioceptive sensation, free nerve endings and sensory nerve end organs were found in the disk parenchyma of the human temporomandibular joint, just as they are in the acetabular labrum, glenoid labrum, triangular fibrocartilage complex, and meniscus.
